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Foreword

The National Standard Reference Data System was established in 1963 for the primary purpose

of providing critically evaluated numerical data in the physical sciences. The System comprises a

complex of data centers and other activities located in government laboratories, universities, and
other institutions. These components of the NSRDS produce compilations of critically evaluated data,

critical reviews of the state of quantitative knowledge in specialized areas, and compilations of useful

functions derived from such reference data. In addition, the centers and projects establish criteria

for evaluation and compilation of data and make recommendations on needed improvements in ex-

perimental techniques.

A necessary step in the operation of each of these data centers is the generation of comprehen-
sive, thoroughly indexed bibliographies covering the fields of interest of the center. In most cases,

these bibliographic files are computer-based. In the interest of making the full resources of the data

centers of maximum utility to the scientific and technical community, selected bibliographies are pub-

lished from time to time in the NBS Special Publication Series.

Further information on the program and publications of the National Standard Reference Data
System may be obtained by writing to the Office of Standard Reference Data, National Bureau of

Standards, Washington, D.C. 20234.

David R. Lide, Jr., Chief

Office of Standard Reference Data
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Heavy-Atom Kinetic Isotope Effects

An Indexed Bibliography*

Marvin J. Stern** and Max Wolfsberg***

A bibliography of heavy-atom kinetic isotope effects has been compiled covering the com-
plete literature from the earliest entry found (19ll) through 1965. Review articles and theoretical

papers are listed through 1968. The bibliography is divided into a list of the references, an
author index and a subject index. The subject index has been annotated to describe, in brief, the

type of reaction being observed. The following areas have been excluded: geochemistry (except for

specific laboratory reactions), living systems, mass spectrometry and electron impact, electrochem-

istry, diffusion-controlled processes, hot-atom chemistry, photochemistry involving selective ex-

citation of isotopes, and processes involving no chemical change.

Key words: Author index; bibliography; heavy-atom isotope effects; isotope effects; kinetic isotope

effects; reaction kinetics; subject index.

Introduction

Background

The authors at first considered writing a critical

review monograph on kinetic isotope effects. The
literature embraced by this field was believed to be
sufficiently large to be divisible into two parts: (1)

isotope effects due to the substitution of hydrogen by
deuterium or tritium; (2) isotope effects due to heavy-

atom substitutions. To make the project manageable,

only the latter aspect of the subject was chosen for the

critical review.

However, after a bibliography containing approxi-

mately 500 references had been assembled, it was
found that usually each experimental system was suf-

ficiently different from the others to warrant separate

analysis. In addition, the early papers contained many
contradictory data which appeared to make critical

analysis very difficult. As a consequence, the authors

decided to reduce the scope of their effort and pre-

pare an annotated index to the literature in the field.

This endeavor has involved a thorough reading of the

selected papers, and classification and indexing of the

pertinent information. It is hoped that researchers

engaged in kinetic isotope effect studies or others

wanting to make use of such studies will find this in-

dexed bibliography useful.

Description and Classification Scheme

The main, but by no means only, sources of per-

tinent references for the bibliography were Chemical
Abstracts and Nuclear Science Abstracts through the

* Work carried out in part under the auspices of the U.S. Atomic Energy
Commission.

** Present address : Chemistry Department, Belfer Graduate School of

Science, Yeshiva University, New Yorlc, N.Y. 10033.
*** Present address : Chemistry Department, University of California,

Irvine, Calif. 92664.

year 1965. The search was extended through the year

1968, but only for review articles and theoretical

papers. One review article published in 1969 is also

included. The bibliography was checked against re-

prints in the files of the authors; references within

the articles collected for the bibliography were checked

for appropriateness of inclusion; and other appro-

priate bibliographies or partial bibliographies of the

field were checked. Many_ of the authors' colleagues

helped by submitting reprints of their articles. The
papers finally included were generally restricted to

those appearing in formally published literature (jour-

nal articles, chapters in books, proceedings of sym-
posia, etc. ) . Thus, works such as doctoral theses,

technical reports, and abstracts of talks presented at

scientific meetings were, with rare exceptions, omitted.

It is the belief of the authors that, for the period cov-

ered and topics considered (vide infra), the bibli-

ography is better than 98 percent complete (except,

perhaps, for Chinese literature). Articles that might
have been missed probably fall into one of three cate-

gories: (1) papers published prior to 1966 but not

appearing in the abstract journals until a later date;

(2) reviews of reaction mechanisms containing very

limited discussions of isotope effect studies; (3)

papers on isotopic tracer studies which note only in

passing the observation of kinetic isotope effects.

The study of the effect of isotopic substitution on a

rate constant (kinetic isotope effect) serves to elucidate

the reaction mechanism. There is strong interplay

between experiment and theory in this area, and the

experimental data are often interpreted by applying

transition state theory (absolute reaction rate theory).

The area of interest has been defined to include only

in vitro reactions of well-defined reactants which

are in thermal equilibrium. Isotope effects in the fol-

lowing areas have been specifically excluded: (1)

geochemistry (unless the work involves specific labo-
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ratory reactions) ; (2) living systems; (3) mass
spectrometry and electron impact; (4) electrochem-

istry; (5) diffusion-controlled processes ; (6) processes

not involving chemical change (with a few excep-

tions) ; (7) hot-atom chemistry; (8) photochemistry

involving selective excitation of isotopes. General

theoretical papers which have direct application to

kinetic isotope effects have been included whether they

deal specifically with heavy-atom effects or not. Some
hydrogen isotope effect papers, which demonstrate

points in kinetic isotope effect theory that have not

been well-demonstrated by means of heavy-atom
effects (e.g., unimolecular gas-phase reactions), have
also been included.

The bibliography consists of three sections:

I. Listing of Papers
II. Author Index

III. Subject Index
The Listing of Papers contains the names of the au-

thors, the titles of the papers, and the literature ref-

erences. The reference abbreviations conform to the

1969 edition of ACCESS (Chemical Abstracts Serv-

ice, American Chemical Society). The entries are

arranged and numbered chronologically by years, and
alphabetically according to authors' names within

each year. The first entry is a paper by F. Soddy
published in 191L The listing numbers (total of 527)
are used as references in the Author Index and Sub-

ject Index. The user can best acquaint himself with

the Subject Index by skimming through it. Where
appropriate, indexing is carried out by:

(1) isotope effect type, e.g., Carbon-13 kinetic iso-

tope effects;

(2) common name of isotopically substituted re-

actant and reaction undergone, e.g., Acetophenone
fcarbonyl-"'C) reaction with semicarbazide [The
less-abundant isotope in parentheses following the

chemical name indicates the actual label or isotopic

substitution considered. In the case of salts and
esters, when the isotopic position is in the second part

of the name (anion or acid moiety), the entry is re-

peated with the reactant name inverted; e.g., Ethyl

propionate (2-"'C) . . . also appears as Propionic
acid (2-"'C), ethyl ester, . . .]

;

(3) reaction type, e.g.. Decarboxylation reactions;

(4) reaction name, e.g., Diels—Alder reactions;

(5) theoretical concepts, e.g.. Activation-energy

effects (The word "effects" without specification refers

to effects on reaction kinetic isotope effects.)

;

(6) method employed, e.g., Computer calculations

of isotope effects.

Purely theoretical articles and review articles are

usually entered only once, under Theory or Reviews.

On the average, there are five index entries per article.

With relatively few exceptions, each paper was read

for index entries by both of the authors. In general,

under-listing was more feared than over-listing. If

there was doubt about including a given entry in the

index, it was usually included. Since the reading was
carried out over a period of several years, some incon-

sistencies were introduced in the manner in which the

papers were indexed. Although the authors have at-

tempted to remove these inconsistencies in the final tab-

ulation, some of them have undoubtedly been retained.

Inspection of the Subject Index makes for many
interesting observations. For example, one sees that,

among the heavy-atom kinetic isotope effects, carbon-

13 and carbon-14 effects have been studied more than

any of the others; among reaction types, decarboxy-

lations have been the most studied.

The authors urge that the bibliography be updated

at periodic intervals. Such a task will be easier than

the present undertaking due to the fact that the in-

dexing of isotope effects in Chemical Abstracts has

been markedly improved during the past decade.

The authors wish to thank the Library staffs of the

Belfer Graduate School of Science, Yeshiva Univer-

sity, and Brookhaven National Laboratory for their

help and cooperation in the collection of articles ap-

propriate for inclusion in the bibliography, as well

as their many colleagues who sent them reprints of

papers. Although the list of scientists who contributed

in one way or another to the completion of this work
is too long to present here, special acknowledgments

are due Professor Takanobu Ishida for translating

into English several Japanese articles, and Professors

Irving J. Horowitz and Martin Pomerantz for answer-

ing scores of questions about organic chemistry, as

well as for inspecting the final Subject Index for

ambiguities. We are grateful to Dr. Marilyn L. Wolfs-

berg for help in reading proof. Finally, the authors

wish to thank Professor Jacob Bigeleisen for suggest-

ing that they undertake this project, and for his en-

couragement during the course of its development.
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Acetyl peroxide (carbonyl- and peroxy-i*0) thermal decom-

position, 432.

Acid—base neutralization reactions (See Neutralization reac-

tions).

Activation-energy effects, 225, 427.

Acylative decarboxylation reactions, 267.

Addition reactions (See, also, specific reactions), 10, 79, 116,

137, 139, 298, 305, 379, 396, 411, 436, 443.

Adipate (l-i^C), barium salt, pyrolysis, 54, 107.

Adsorption reactions, 275, 337, 481.

Alcoholysis reactions, 115, 306, 449.

Aldol condensation, 134.

Amidation reactions, 363.

Amination reactions, 181, 297.

Amino acid-N-carboxyanhydride (N-carbonyl-i^C) polymeri-

zation, 132, 228.

Amino acid-N-carboxyanhydride (ether-^^O) polymerization,

227.

Ammonium bromide (Br isotopes) fractional crystallization,

12.

Ammonium nitrate (ammonium-i^N) thermal decomposition

in presence of water, 57.

Ammonium nitrate (nitrate-^^N) thermal decomposition in

presence of water, 57.

Ammonium nitrate (^^O) thermal decomposition in presence

of water, 57.

Ammonium sulfate (i^N) oxidation with hypobromite ion, 234.

Anharmonicity effects, 36, 199, 255, 277, 281, 284, 291, 300,

321, 322, 347, 395, 406, 407, 488, 527.

Anisoyloxy radical (carboxyl-i*C) decarboxylation, 397.

Anthranilic acid (carboxyl-i^C) decarboxylation, 102.

Approximation methods (theoretical) , 33, 34, 36, 223, 378, 416,

458, 475, 487, 502, 518, 519.

Aquation reactions, 207.

ci5-Aquoammine-6is-ethylenediaminecobaltic ion (^^N) elec-

tron-transfer reaction with chromous ion, 474.

tra7is-Aquoammine-6w-ethylenediaminecobaltic ion (^^N) elec-

tron-transfer reaction with chromous ion, 474.

Aquopentaamminecobaltic ion (i^N) electron-transfer reaction

with chromous ion, 206, 474.

Aquopentaamminecobaltic ion (i^O) electron-transfer reaction

with chromous ion, 206.

Autoxidation reactions, 396.

Azobenzene (^^N) catalytic hydrogenation, 286.

Azoiis-a-phenylethane (^^N) thermal decomposition, 512.

B

Barium acetate (l-^^C) pyrolysis with barium formate to

form acetaldehyde, 74.

Barium adipate (l-^^C) pyrolysis, 54, 107.

Barium carbonate (^^0) acid decomposition, 58, 485.

Barium carbonate (i*0) decomposition with bromine penta-

fluoride, 485.

Barium sulfate i^^S) reduction with tin (II), 231.

Beckmann rearrangement, 352.

Benzaldehyde (carbonyl-i*C) benzoin condensation, 60, 142.

Benzaldehyde (carbonyl-^^C) Cannizzaro reaction, 60.

Benzaldehyde (carbonyl-i*C) reaction with 2,4-dinitrophenyl-

hydrazine, 443.

Benzaldehyde-a-rf (carbonyl-i*C) reaction with 2,4-dinitro-

phenylhydrazine, 443.

Benzeneboronic acid (i^B) electrophilic substitution reaction

with phenylmercuric nitrate, 442.

Benzenediazonium chloride (a-^^N) SnI hydrolysis, 469.

Benzenediazonium fluoborate (a-^^N) SnI hydrolysis, 469.

Benzil (mono-carbonyl-i*C) benzilic acid rearrangement, 60.

Benzilic acid rearrangement, 60, 161.

Benzoic acid (carboxyl-i*C)
,

(-butyl ester, base hydrolysis in

aqueous acetone, 137.

Benzoic acid (carboxyl-i^C) decarboxylation with cupric ox-

ide in quinoline, 482.

Benzoic acid (carboxyl-i*C)
,

ethyl ester, base hydrolysis in

aqueous acetone, 137.

Benzoic acid (carboxyl-i*C)
, ethyl ester, base hydrolysis in

aqueous alcohol, 50, 97, 137.

Benzoic anhydride (a-i*C) ethanolysis, 115.

Benzoic anhydride (a-i*C) reaction with p-toluidine, 115.

Benzoin condensation, 60, 142.

Benzophenone (carbonyl-i*C) reaction with 2,4-dinitrophenyl-

hydrazine, 79, 116.

o-Benzoylbenzoic acid (carboxyl-^^C) condensation, 140, 163,

302.

Benzoyl chloride (carbonyl-i*C) amidation with morpholine,

363.
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Benzoylformic acid (benzoyl-carbonyl-i*C) decarbonylation

with sulfuric acid, 237, 301.

Benzoylformic acid (carboxyl-i*C) decarbonylation with sul-

furic acid, 237, 301.

2-Benzoylpropionic acid (l-^^C) decarboxylation, 364.

2-Benzoylpropionic acid ( 2-^^*0 decarboxylation, 364.

2-Benzoylpropionic acid (benzoyl-carbonyl-i*C) decarboxyla-

tion, 364.

Benzyl alcohol (carbinol-i*C) oxidation with chromic acid,

183.

Benzyl bromide (methylene-^^C) Sn2 reaction with methoxide

ion, 382.

Benzyl chloride (methylene-^^C) nucleophilic substitution re-

action with cyanide ion, 430.

Benzyl chloride (^'^Cl) nucleophilic substitution reaction with

cyanide ion, 361, 430.

Benzyl chloride (^"Cl) nucleophilic substitution reaction with

thiosulfate ion, 361, 430.

Benzyl chloride (^'CD SnI reaction with water, 361, 430.

Benzyldimethylsulfonium tosylate (sulfonium-^^S) Sn2 reac-

tion with hydroxide ion, 344, 346.

Benzyl nitrate (i^N) carbonyl elimination reaction, 278.

Benzyne mechanism, 181, 297.

Bicarbonate (^*C), sodium salt, enzymatic dehydration, 299.

Bicarbonate (i*C), sodium salt, noncatalyzed dehydration,

299.

Bicarbonate—carbonate (^*C versus ^^C) isotope exchsinge

with carbonato-6is-ethylenediaminecobaltic ion, 104.

Bicarbonate ion—carbonatocobaltic complex exchange systems,

i*C kinetic isotope effects in, 104, 164.

Bisulfite (^*S), sodium salt, addition reaction with anisalde-

hyde, 139.

Bisulfite (^*S), sodium salt, addition reaction with benzalde-

hyde, 139.

Bisulfite (3*S), sodium salt, addition reaction with heptanal,

139.

Bisulfite (3*S), sodium salt, addition reaction with 2-hep-

tanone, 139.

Boron kinetic isotope effects, 174, 185, 233, 410, 442.

Boron trifluoride—calcium fluoride addition compound (^^B)

thermal decomposition, 233.

Bromide (Br isotopes), ammonium salt, fractional crystalliza-

tion, 12.

Bromination reactions, 116, 210.

Bromine kinetic isotope effects, 12.

Bromodecarboxylation reactions, 177.

Bromodesulfonation reactions, 424.

Bromomalonic acid (l-i^C) decarboxylation, 105, 124.

Bromomalonic acid (l-i*C) decarboxylation, 37, 41, 44, 52,

105, 124, 176.

1-Bromo-l-phenylethane (l-i^C) ethanolysis, 306.

1-Bromo-l-phenylethane (l-^^C) methanolysis, 306.

1-Bromo-l-phenylethane (l-i^C) Sn2 reaction with ethoxide

ion, 382.

Butadiene (l-^^C) Meerwein reaction with p-nitrophenyldia-

zonium chloride, 138.

f-Butoxy radical (central-i*C) decomposition, 316.

t-Butoxy radical (methyl-i*C) decomposition, 316.

i-Butyl benzoate (carboxyl-i^C) base hydrolysis in aqueous

acetone, 137.

f-Butyl chloride (s^Cl) ionization, 126, 127.

t-Butyl chloride (^^Cl) reaction with alcoholic silver nitrate,

126, 127.

t-Butyl chloride (^^Cl) reaction with aqueous-alcoholic sodium

hydroxide, 127.

i-Butyldimethylsulfonium iodide (^*S) E2 reaction with ethox-

ide ion, 449.

(-Butyldimethylsulfonium iodide (^*S) SnI—El reaction in

97 percent ethanol, 449.

t-Butyldimethylsulfonium iodide (^^S) SnI—El reaction in

water, 211.

Butyric acid (l-i*C), ethyl ester, acid hydrolysis in aqueous

alcohol, 232.

Butyric acid (l-^^C), ethyl ester, base hydrolysis in aqueous

alcohol, 232.

C

Cadmium carbonate (^*0) acid decomposition, 485.

Cadmium carbonate (i^O) decomposition with bromine penta-

fluoride, 485.

Cadmium carbonate (i*0) thermal decomposition, 485.

Cadmium sulfide (^^S) oxidation with bromine, 229.

Calcium carbonate (i*0) acid decomposition, 58, 485.

Calcium carbonate (i*0) decomposition with bromine penta-

fluoride, 485.

Calcium carbonate (^^O) decomposition with bromine trifluor-

ide, 327.

Calcium carbonate (i*0) thermal decomposition, 58.

Calcium-magnesium carbonate (dolomite) C^^O) acid decom-

position, 485.

Calcium-magnesium carbonate (dolomite) (^^0) decomposition

with bromine pentafluoride, 485.

Calcium-magnesium carbonate (dolomite) (^^0) thermal de-

composition, 485.

Cannizzaro reaction, 60, 86.

Carbon C-^C) graphite-to-diamond transition, 285.

Carbon-13 kinetic isotope effects (See, also, Relative '^C—'"C

isotope effects) , 28, 37, 40, 43, 46, 47, 54, 55, 62, 63, 67, 69, 72,

74, 75, 78, 81, 89, 93, 99, 101, 102, 104, 105, 107, 117, 121,

122, 123, 124, 125, 128, 131, 132, 143, 144, 145, 153, 154,

155, 158, 172, 177, 188, 193, 203, 205, 210, 216, 218, 220,

228, 242, 260, 263, 264, 271, 273, 283, 285, 292, 294, 306,

314, 318, 332, 333, 334, 339, 357, 371, 373, 381, 382, 391,

403, 408, 409, 416, 420, 424, 432, 441, 460, 461, 462, 463,

468, 473, 475, 484, 490, 491, 492, 504, 505, 506, 513, 516,

520, 524.

Carbon-14 kinetic isotope effects (See, also. Relative —
isotope effects), 37, 38, 41, 44, 46, 48, 50, 52, 53, 55, 60,

64, 68, 69, 70, 78, 79, 85, 86, 89, 90, 91, 94, 95, 97, 98,

99, 101, 103, 104, 105, 109, 110, 111, 112, 113, 115, 116,

117, 124, 125, 134, 136, 137, 138, 140, 142, 145, 150, 154,

157, 161, 163, 164, 175, 176, 180, 181, 183, 191, 192, 198,

202, 219, 224, 225, 232, 235, 236, 237, 244, 248, 249, 250,

251, 256, 266, 267, 270, 274, 275, 282, 297, 298, 299, 301,

302, 305, 311, 315, 316, 336, 352, 353, 354, 363, 364, 366,

379, 392, 393, 397, 411, 412, 415, 416, 430, 436, 437, 443,

452, 476, 482, 524.

Carbonate (i*0), barium salt, acid decomposition, 58, 485.

Carbonate (i*0), barium salt, decomposition with bromine

pentafluoride, 485.

Carbonate (^*0), cadmium salt, acid decomposition, 485.
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Carbonate (^*0), cadmium salt, decomposition with bromine

pentafluoride, 485.

Carbonate (^^O), cadmium salt, thermal decomposition, 485.

Carbonate (^^O), calcium salt, acid decomposition, 58, 485.

Carbonate (i*0), calcium salt, decomposition with bromine

pentafluoride, 485.

Carbonate (i^O), calcium salt, decomposition with bromine

trifluoride, 327.

Carbonate (^^O), calcium salt, thermal decomposition, 58.

Carbonate (^^0), calcium-magnesium salt (dolomite), acid

decomposition, 485.

Carbonate (i*0), calcium-magnesium salt (dolomite), decom-

position with bromine pentafluoride, 485.

Carbonate (^^0), calcium-magnesium salt (dolomite), thermal

decomposition, 485.

Carbonate (i*0), cobaltous salt, decomposition with bromine

pentafluoride, 485.

Carbonate (i*0), cobaltous salt, thermal decomposition, 465.

Carbonate (^^O), lead salt, acid decomposition, 485.

Carbonate (i^O), lead salt, thermal decomposition, 485.

Carbonate C^O), magnesium salt, decomposition with bromine

pentafluoride, 485.

Carbonate (i*0), magnesium salt, thermal decomposition, 485.

Carbonate (i*0), manganous salt, acid decomposition, 485.

Carbonate (^^0), manganous salt, thermal decomposition, 485.

Carbonate (^^O), nickel salt, decomposition with bromine

pentafluoride, 485.

Carbonate (i*0), nickel salt, thermal decomposition, 485.

Carbonate (^^O), strontium salt, acid decomposition, 58, 485.

Carbonate (^^0), strontium salt, decomposition with bromine

pentafluoride, 485.

Carbonate (^^0), zinc salt, acid decomposition, 485.

Carbonate (^^O), zinc salt, decomposition with bromine penta-

fluoride, 485.

Carbonate (i^O), zinc salt, thermal decomposition, 485.

Carbonate—bicarbonate (^''C versus i^Q) isotope exchange

with carbonato-feis-ethylenediaminecobaltic ion, 104.

Carbonatocobaltic complex—bicarbonate ion exchange systems,

i*C kinetic isotope effects in, 104, 164.

Carbonato-6is-ethylenediaminecobaltic ion (carbonato-i*C ver-

sus i^C) isotope exchange with carbonate—bicarbonate, 104.

Carbonatotetramminecobaltic ion (carbonato-i'*C) acid decom-

position, 103.

Carbon dioxide i'^^C) absorption by aqueous base, 72.

Carbon dioxide (i®0) absorption by aqueous base, 72.

Carbon dioxide (^*C) absorption by aqueous base, 116.

Carbon dioxide (^^C) absorption by dibenzyl ether solution

of benzylamine, 116.

Carbon disulfide—0-ethylxanthogenic acid exchange system,

i^C kinetic isotope effects in, 381.

Carbon disulfide—0-methylxanthogenic acid exchange system,

i^C kinetic isotope effects in, 381.

Carbon monoxide (i*C) oxidation with cuprous oxide, 412.

Carbon monoxide (i*C) oxidation with iodine pentoxide, 275.

Carbon monoxide (i^C) oxidation with nitrogen dioxide, 203.

Carbon monoxide (^^C) oxidation with oxygen, 125.

Carbon monoxide (^^C) oxidation with oxygen, 125.

Carbon tetrachloride (^^Cl) reaction with sodium amalgam,

27.

Carbonyl addition reactions (See Addition reactions).

Catalytic reactions (See, also. Enzymatic reactions and other

specific reactions) , 22, 80, 81, 82, 84, 112, 116, 121, 131, 143,

155, 169, 170, 172, 176, 188, 264, 267, 286, 320, 337, 460,

476, 481, 482.

Chlorination reactions, 210, 339.

Chlorine kinetic isotope effects, 10, 27, 126, 127, 361, 430.

ci5-Chloroammine-6i5-ethylenediaminecobaltic ion (^^N) elec-

tron-transfer reaction with chromous ion, 474.

trans-Chloroammine-6is-ethylenediaminecobaltic ion C^^N) elec-

tron-transfer reaction with chromous ion, 474.

Chlorobenzene (1-^*C) amination with potassium amide, 181.

m-Chlorobenzenediazonium fluoborate (a-i^N) SnI hydroly-

sis, 469.

TO-Chlorobenzoic acid (carboxyl-i*C)
, ethyl ester, base hydrol-

sis in aqueous alcohol, 97, 137.

p-Chlorobenzoic acid (carboxyl-i*C)
,
ethyl ester, base hydroly-

sis in aqueous alcohol, 97, 137.

p-Chlorobenzyl chloride (a-^'^'Cl) nucleophilic substitution re-

action with cyanide ion, 361, 430.

p-Chlorobenzyl chloride (a-^'Cl) SnI reaction with water,

361, 430.

p-Chlorobenzyl chloride (a-^^Cl) Sn2 reaction with thiosulfate

ion, 361, 430.

m-Chlorobenzyldimethylsulfonium tosylate (sulfonium-3*S) Sn2

reaction with hydroxide ion, 344, 346.

3-Chloro-l-butene (l-^^C) Sn2' reaction with diethyl amine,

430.

3-Chloro-l-butene (2-"C) Sn2' reaction with diethyl amine,

430.

3-Chloro-l-butene (3-i*C) Sn2' reaction with diethyl amine,

430.

3-Chloro-l-butene (^^Q) Sn2' reaction with diethyl amine,

430.

2-ChIoro-2-methylpropane (2-i^'C) hydrolysis in dioxane

—

water, 219.

Chloropentaamminecobaltic ion (i^N) electron-transfer reac-

tion with chromous ion, 474.

2-Chlorophenanthraquinone (9-i'*C) alkaline rearrangement,

161.

7-Chlorophenanthraquinone (9-i*C) alkaline rearrangement,

161.

o-Chlorophenylacetic acid (carboxyl-i*C) acylative decarboxyla-

tion, 267.

2-(p-Chlorophenyl)ethylammonium bromide (^^N) Hofmann
elimination, 425.

Chugaev reaction (See Tschugaeff reaction).

Classical kinetic isotope effect, 108, 118, 188, 223, 272, 313,

342, 357, 416, 417, 446, 458, 494, 508, 510, 514.

Cinnamic acid (2-140, methyl ester, addition reaction with

bromine, 116.

Cinnamic acid (3-i'»C), methyl ester, addition reaction with

bromine, 116.

Cobaltous carbonate (i^O) decomposition with bromine penta-

fluoride, 485.

Cobaltous carbonate (isQ) thermal decomposition, 485.

Combustion reactions (See, also, Oxidation reactions and Re-

duction reactions)
, 53, 64, 85, 125, 151, 274, 434, 492.

Complexation reactions, 207.

Computer calculations of isotope effects, 378, 413, 416, 419,

432, 455, 456, 457, 458, 459, 473, 475, 487, 501, 502, 504,

505, 506, 508, 512, 519, 520, 522, 525.

Condensation reactions (See, also, specific reactions), 60, 134,

140, 142, 150, 163, 302, 430.

Cracking reactions (See Thermal decomposition reactions).
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Creatine (l-i*C) phosphorylation with adenosine triphosphate,

270.

Crystallization (See Precipitation reactions).

Cutoff procedure for calculations, 378, 458, 473, 475, 487, 502,

519.

Cyanide ion (i*C) nucleophilic substitution reaction with

benzyl chloride, 430.

Cyanide ion (i*C) reaction with silver ion, 157, 202.

Cyanide ion (i^C) Sn2 reaction with methyl iodide, 294, 332,

333, 504.

Cyclization reactions (See Condensation reactions).

Cyclohexanone (carbonyl-^^C) reaction with 2,4-dinitrophenyl-

hydrazine, 443.

Cyclohexanone (carbonyl-"C) reaction with 2,4-dinitrophenyl-

hydrazine, 443.

Cyclopropane {^^O isomerization to propylene, 216.

D

Deamination ( deammonation ) reactions, 77, 78, 100.

Decarbonylation reactions, 47, 70, 75, 89, 128, 193, 218, 220,

237, 244, 301, 357, 373, 420, 461, 462, 490.

Decarboxylation reactions, 37, 41, 44, 46, 47, 48, 52, 54,

55, 58, 62, 63, 67, 68, 75, 78, 89, 90, 93, 98, 101,

102, 105, 107, 109, 114, 121, 122, 124, 131, 132, 143, 144,

145, 154, 155, 172, 176, 177, 188, 218, 227, 228, 236, 260,

264, 267, 273, 283, 299, 314, 315, 353, 354, 364, 397, 403,

409, 416, 424, 432, 460, 461, 462, 463, 468, 473, 482, 485,

490, 491, 520.

Decomposition reactions (See, also. Photolysis reactions. Ther-

mal decomposition reactions, and other specific reactions)

,

22, 58, 80, 82, 84, 103, 169, 170, 316, 327, 465, 471, 485.

Dehydration reactions, 47, 70, 89, 134, 193, 220, 237, 299,

301, 357, 420.

Dehydrogenation reactions, 236, 283.

3,5-Dibromo-4-hydroxybenzoic acid (carboxyl-^'C) bromodecar-

boxylation, 177.

Dieckmann condensation, 150, 430.

Diels—Alder reactions, 116, 403, 472, 473.

Diethyl o-phenylenediacetate (l-i*C) Dieckmann condensation,

150, 430.

Diethyl o-phenylenediacetate (2-i*C) Dieckmann condensation,

150, 430.

2,4-Dihydroxybenzoic acid (carboxyl-i^C) decarboxylation,

409, 424.

(raras-a,7-Dimethylallyl p-nitrobenzoate (carbonyl-i^^O) hy-

drolysis in aqueous acetone, 402.

traRS-Q:,7-Dimethylallyl p-nitrobenzoate (ether-^®0) hydrolysis

in aqueous acetone, 402.

3,3'-Dimethylcarbanilide (carbonyl-^^C) thermal decomposi-

tion in propionic acid, 205.

Dimethylmercury (i^C) pyrolysis, 263, 391.

Dimethyl phenyloxaloacetate (oxal-carboxyl-i*C) decarbonyla-

tion, 244.

sym-Dimethylurea (carbonyl-^^C) thermal decomposition in

propionic acid, 205.

/n-Dinitrobenzoic acid (carboxyl-i*C) decarboxylation with

cupric oxide in quinoline, 482.

1,2-Diphenylacetylene (1-^*0 hydration, 113.

sym-Diphenylurea (carbonyl-i^C) thermal decomposition in

propionic acid, 205.

Dissociation reactions (See Decomposition reactions).

Double labeling technique, 343, 365, 366, 376, 392, 411, 436,

437.

Dysprosium oxaloacetate (l-^^C) decarboxylation, 155, 460.

E

Electronic isotope effects, 36, 268, 281, 300, 358, 407.

Electron-transfer reactions, 206, 474.

Electrophilic substitution reactions, 102, 410, 424, 442.

Elimination reactions (See, also, Decarbonylation reactions.

Decarboxylation reactions, and other specific reactions) , 79,

153, 158, 211, 278, 317, 318, 345, 394, 415, 425, 435, 449,

452.

Enzymatic reactions, 38, 84, 99, 117, 170, 180, 236, 252, 264,

270, 283, 299, 371, 436, 441, 500.

Esterification reactions, 266, 363.

Ethane (1-"C) pyrolysis, 248, 249, 250.

Ethane (l,2-i*C) pyrolysis, 248, 249, 250.

Ethyl acetate (carboxyl-i*C) acid hydrolysis in aqueous alco-

hol, 232.

Ethyl acetate (carboxyl-i*C) base hydrolysis in aqueous alco-

hol, 232.

Ethyl benzoate (carboxyl-i*C) base hydrolysis in aqueous ace-

tone, 137.

Ethyl benzoate (carboxyl-i*C) base hydrolysis in aqueous alco-

hol, 50, 97, 137.

Ethyl bromide (l-i^C) thermal decomposition, 153, 158.

Ethyl bromide (2-1^0 thermal decomposition, 153, 158.

Ethyl butyrate (carboxyl-^^C) acid hydrolysis in aqueous alco-

hol, 232.

Ethyl butyrate (carboxyl-'^^C) base hydrolysis in aqueous alco-

hol, 232.

Ethyl m-chlorobenzoate (carboxyl-^*C) base hydrolysis in

aqueous alcohol, 97, 137.

Ethyl p-chlorobenzoate (carboxyl-i*C) base hydrolysis in

aqueous alcohol, 97, 137.

Ethyl p-methoxybenzoate (carboxyl-i*C) base hydrolysis in

aqueous acetone, 137.

Ethyl p-methoxybenzoate (carboxyl-i*C) base hydrolysis in

aqueous alcohol, 97, 137

Ethyl p-methylbenzoate (carboxyl-i*C) base hydrolysis in

aqueous alcohol, 97, 137.

Ethyl m-nitrobenzoate (carboxyl-i*C) base hydrolysis in

aqueous alcohol, 97, 137.

Ethyl propionate (carboxyl-i*C) acid hydrolysis in aqueous

alcohol, 232.

Ethyl propionate (carboxyl-i*C) base hydrolysis in aqueous

alcohol, 232.

Ethyl propionate (2-i*C) base hydrolysis in aqueous alcohol,

232.

Ethylene (i^C) anionic polymerization, 336.

Ethylene (i^C) Friedel—Crafts ethylation of benzene, 256.

Ethylene (i^C) oxidation to acetic acid, 123.

Ethyllithium (®Li) coupling reaction with benzyl chloride, 349.

Ethyltrimethylammonium iodide (^^N) E2 reaction with

ethoxide ion, 394.

0-Ethylxanthogenic acid—carbon disulfide exchange system,

i^C kinetic isotope effects in, 381.

Exchange reactions (See Isotope exchange reactions, kinetic

isotope effects on)

.

Experimental methods, theory of treatment of data, 7, 37, 50,

53, 57, 62, 75, 79, 85, 103, 151, 173, 188, 196, 209, 214,

223, 251, 258, 262, 272, 279, 294, 296, 301, 303, 332, 333,
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343, 357, 365, 366, 376, 380, 411, 416, 428, 443, 458, 459,

486, 487, 500, 524.

F

Fluoborate (i^B), potassium salt, thermal decomposition, 174,

185.

Fluoborate (i°B), sodium salt, thermal decomposition, 185.

Formaldehyde (i*C) Cannizzaro reaction, 86.

Formaldehyde (i*C) reaction with dimedone, 85.

Formaldehyde (i*C) reaction with 4-hydroxycoumarin, 134.

Formate (^*C), mercurous salt, thermal decomposition, 116.

Formic acid (^^C) dehydration (decarbonylation) with sul-

furic acid, 193, 220, 357.

Formic acid (^^C) dehydration (decarbonylation) with sul-

furic acid, 70, 237, 301.

Formic acid (i^C) enzymatic dehydrogenation, 283.

Formic acid (i*C) enzymatic dehydrogenation, 236.

Formic acid (^^C) oxidation with bromine atoms, 210.

Formic acid (^^C) oxidation with chlorine atoms, 210, 339.

Formic acid (hydroxyl-i^O) oxidation with chlorine atoms,

339.

Formic acid (^^C) thermal dehydration (decarbonylation),

420.

Free radical reactions (See, also, Radical chain reactions and

other specific reactions), 316, 396, 397, 484, 512.

Freezing (See Precipitation reactions).

Friedel—Crafts reaction, 256.

G

Gadolinium oxaloacetate (l-i^C) decarboxylation, 460.

Germanium dioxide (^^Ge versus ^"Ge) reduction with hypo-

phosphorous acid, 426.

Germanium kinetic isotope efiEects, 426.

D-Glucose-6-t (l-i*C) enzymatic oxidation, 436.

a-D-Glucose-6-t (l-i*C) oxidation with bromine, 436.

/3-D-Glucose-6-f (l-i*C) oxidation with bromine, 436.

D-Glucose-6-t (l-i*C) oxidation with iodine, 366.

D-Glucose-6-t (l-i*C) oxidation with sodium chlorite, 437.

D-Glucose-6-t (l-i*C) reaction with sodium cyanide, 436.

L-Glutamic acid (carboxyl-i^C) enzymatic decarboxylation,

283.

Glycine-N-carboxyanhydride (N-carbonyl-i^C) acid-initiated

polymerization, 228.

Glycine-N-carboxyanhydride (ether-i^O) acid-initiated poly-

merization, 227.

Glycine-N-carboxyanhydride (N-carbonyl-i^C) thermal poly-

merization, 132, 228.

Grignard reaction, 9, 13.

H

Hofmann elimination, 317, 394, 415, 425, 435, 452.

Hydration reactions, 113.

Hydrogenation reactions, 112, 11^, 286.

Hydrogen chloride (^^Cl) reaction with ammonia, 10.

Hydrogen peroxide (^®0) catalytic decomposition (various

nonenzymatic catalysts), 22, 80, 82, 84, 169, 170.

Hydrogen peroxide (^^0) enzymatic decomposition, 84, 170.

Hydrogen peroxide (I'O) oxidation (various oxidizing agents)

,

295.

Hydrogen peroxide (i^O) oxidation (various oxidizing agents),

82, 295.

Hydrogen peroxide (i*0) photochemical decomposition, 92.

Hydrogen peroxide (i^O) reduction (various reducing agents),

295.

Hydrogen peroxide (^*0) reduction (various reducing agents),

82, 295.

Hydrolysis reactions, 38, 50, 97, 99, 117, 137, 180, 192,

211, 219, 220, 232, 242, 320, 332, 361, 371, 402, 404, 430,

431, 440, 441, 449, 469, 505, 506.

Hydroxide ion (^®0) reaction with mercuric ion, 147, 194.

Hydroxide ion (i^O) reaction with silver ion, 147.

Hydroxide ion (i^O) Sx2 reaction with methyl iodide, 505.

cis-Hydroxoammine-iis-ethylenediaminecobaltic ion (i^N) elec-

tron-transfer reaction with chromous ion, 474.

tran5-Hydroxoammine-6is-ethylenediaminecobaltic ion (i^N)

electron-transfer reaction with chromous ion, 474.

Hydroxopentaamminecobaltic ion C-^N) electron-transfer re-

action with chromous ion, 206, 474.

Hydroxopentaamminecobaltic ion (i*0) electron-transfer reac-

tion with chromous ion, 206.

Hyperconjugative effects, 239, 257, 265, 276, 281, 300, 321, 322.

I

Inductive effects, 178, 199, 239, 268, 281, 300, 322, 407, 460.

Intramolecular kinetic isotope effects, 40, 44, 46, 47, 52, 54,

55, 58, 60, 63, 67, 68, 77, 78, 89, 90, 94, 100, 105, 107,

109, 115, 123, 124, 128, 136, 138, 143, 144, 145, 150, 154,

175, 176, 181, 188, 263, 279, 314, 373, 416, 451, 461, 462,

485, 490, 491, 520.

Inverse kinetic isotope effects, 32, 38, 77, 84, 94, 100, 132,

136, 140, 141, 143, 163, 168, 170, 174, 185, 201, 207, 224,

229, 230, 233, 234, 271, 288, 298, 314, 338, 352, 379, 411,

414, 443, 444, 470, 476, 479.

lodobenzene (1-^*0 amination, 181, 297.

Iodoform reaction, 94, 136, 183, 224, 251.

Ionization reactions, 126, 127.

Iron disulfide (pyrite) (^^S) reactions to synthesize iron (III)

sulfide (melnikovite), 451.

Iron (III) sulfide (melnikovite) (^^S) pyrolysis, 451.

Isobutyrophenone (carbonyl-i^C) reaction with 2,4-dinitro-

phenylhydrazine, 443.

Isomerization reactions, 216, 436.

Isopropyl alcohol (2-1*0 oxidation with chromic acid, 183.

Isotope exchange reactions, kinetic isotope effects on, 65, 66,

104, 135, 149, 157, 159, 164, 166, 167, 190, 202, 215, 241,

280, 381, 506.

Isotope separation (See Separation of isotopes).

L

Lead kinetic isotope effects, 4, 9, 13.

Lead carbonate (^^O) acid decomposition, 485.

Lead carbonate (i^O) thermal decomposition, 485.

Lead chloride (Pb isotopes) Grignard reaction with ethyl-

magnesium iodide, 9.

Lead chloride (Pb isotopes) Grignard reaction with phenyl-

magnesium bromide, 13.

Lead nitrate (Pb isotopes) fractional crystallization, 4.

Lead oxalate (^^C) pyrolysis, 218.

Lead oxalate (^^0) pyrolysis, 218
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Lead peroxide (^^0) thermal decomposition, 22.

Lithium C^Li) crystallization, 11.

Lithium kinetic isotope efFects, 11, 141, 168, 328, 349.

Lithium ("Li) reaction with n-butyl bromide, 328.

Lithium (^Li) reaction with n-butyl chloride, 328.

Lithium acetate (1-^*C) pyrolysis, 95.

Lithium carbonate (^Li) precipitation, 141, 168.

M

Magnesium carbonate (i^O) decomposition with bromine

pentafluoride, 485.

Magnesium carbonate (i®0) thermal decomposition, 485.

Magnesium oxalate (i^C) pyrolysis, 490.

Magnetic and nuclear-spin eflFects, 89, 114, 154, 155, 238, 295,

460.

Malonic acid (l-i^C) decarboxylation, 46, 54, 55, 67, 75,

93, 105, 121, 122, 124, 131, 143, 144, 145, 154, 172, 188,

273, 314, 416, 468, 491.

Malonic acid (l-i*C) decarboxylation, 37, 41, 44, 46, 52, 55,

68, 98, 105, 109, 124, 145, 154, 176, 416.

Malonic acid (2-i3C) decarboxylation, 416.

Malonic acid (2-i4C) decarboxylation, 98, 109, 416.

Malonic acid mono-anion (carboxyl- and/or carboxylate-i^C)

decarboxylation, 172, 188.

Malonic acid mono-anion (carboxyl- and/or carboxylate-^^O)

decarboxylation, 188.

Manganous carbonate (i^O) acid decomposition, 485.

Manganous carbonate (i^O) thermal decomposition, 485.

Manganous oxalate (i^C) pyrolysis, 461.

D-Mannose-l-« phenylhydrazone {mannose-2-i*C) recrystalliza-

tion, 392.

^-D-Mannose (l-^^C) reaction with phenyUiydrazine, 305, 379.

D-Mannose-6-f (l-i*C) reaction with phenylhydrazine, 436.

Meerwein reaction, 138.

Mercuric oxide (i^O) precipitation, 147, 194.

Mercurous formate (i*C) thermal decomposition, 116.

Mesitoic acid (carboxyl-i3C) decarboxylation, 63, 101.

Mesitoic acid (carboxyl-i*C) decarboxylation, 101.

Methanol (^^C) esterification with p-nitrobenzoyl chloride, 266.

Methanol (i*C) wet combustion, 274.

p-Methoxyacetophenone {carbonyl-i*C) reaction with 2,4-

dinitrophenylhydrazine, 137.

p-Methoxybenzenesulfonate (3*S), sodium salt, bromodesulfona-

tion, 424.

p-Methoxybenzoic acid (carboxyl-i*C) ,
ethyl ester, base hy-

drolysis in aqueous acetone, 137.

p-Methoxybenzoic acid (carboxyl-i^C) ,
ethyl ester, base hy-

drolysis in aqueous alcohol, 97, 137.

p-Methoxybenzyl chloride ("CD SnI reaction with cyanide

ion, 361, 430.

p-Methoxybenzyl chloride (3^C1) SnI reaction with thiosul-

fate ion, 361, 430.

p-Methoxybenzyl chloride ("CD SnI reaction with water,

361, 430.

2- (p-Methoxyphenyl) ethylammonium bromide (i^N) Hofmann

elimination, 425.

2-Methylbenzaldehyde (carbonyl-i*C) reaction with 2,4-dini-

trophenylhydrazine, 443.

m-Methylbenzenediazonium fluoborate (a-i^N) SnI hydrolysis,

469.

o-Methylbenzenediazonium fluoborate (a-^^N) SnI hydrolysis,

469.

p-Methylbenzenediazonium fluoborate (a-^^N) SnI hydrolysis,

440, 469.

p-Methylbenzoic acid (carboxyl-i*C)
,

ethyl ester, base hy-

drolysis in aqueous alcohol, 97, 137.

p-Methylbenzyl chloride (^^Cl) nucleophilic substitution re-

action with thiosulfate ion, 361, 430.

p-Methylbenzyl chloride (^''Cl) SnI reaction with cyanide ion,

361, 430.

p-Methylbenzyl chloride (^^Cl) SnI reaction with water, 361,

430.

p-Methylbenzyldimethylsulfonium tosylate (sulfonium-3*S) Sn2

reaction with hydroxide ion, 344, 346.

Methyl bromide (^^C) Sn2 reaction with cyanide ion, 334.

Methyl chloride (^^C) Sn2 reaction with cyanide ion, 334.

Methyl cinnamate (2-i*C) addition reaction with bromine,

116.

Methyl cinnamate (3-i*C) addition reaction with bromine,

116.

cts-5-Methyl-2-cyclohexenyl p-nitrobenzoate (ether-i^O) hydroly-

sis in aqueous acetone, 402, 431.

Methyl-a-D-glucopyranoside (methoxy-^^O) acid-catalyzed hy-

drolysis, 320.

Methyl iodide ("C) base hydrolysis, 332, 505.

Methyl iodide (^^C) base hydrolysis, 192.

Methyl iodide (^^C) exchange reaction with iodide ion, 506.

Methyl iodide (^^C) neutral hydrolysis, 506.

Methyl iodide ("C) pyrolysis, 292.

Methyl iodide (^^C) reaction with hydrogen iodide, 292.

Methyl iodide (^^C) reaction with toluene, 292.

Methyl iodide (i^C) Sn2 reaction with cyanide ion, 294, 333,

504.

Methyl iodide (i*C) Sn2 reaction with N,N-diethylaniline in

methanol, 225.

Methyl iodide (i^C) Sn2 reaction with N,N-dimethyl-o-

toluidine in methanol, 225.

Methyl iodide (i*C) Sn2 reaction with N,N-dimethyl-p-

toluidine in methanol, 225.

Methyl iodide ("O Sn2 reaction with hydroxide ion, 332,

505.

Methyl iodide ("O Sn2 reaction with hydroxide ion, 192.

Methyl iodide ("C) Sn2 reaction with pyridine, 192.

Methyl iodide (i*C) Sn2 reaction with silver ion, 192.

Methyl iodide ("O Sn2 reaction with triethylamine, 191, 192.

Methyl methacrylate (0-methyl-i*C) free-radical copolymeri-

zation with styrene, 393.

S-Methyl-0-(rans-2-methyl-l-indanyl xanthate (thio-carbonyl-

^^C) pyrolysis, 318.

S-Methyl-0-trai'i5-2-methyl-l-indanyl xanthate (thio-ether-3*S)

pyrolysis, 318.

S-Methyl-O-traRS-2-methyl-l-indanyl xanthate (thion-3*S) py-

rolysis, 318.

0-Methylxanthogenic acid—carbon disulfide exchange system,

13C kinetic isotope effects in, 381.

Michael condensation, 134.

Molecular-volume effects, 284, 291.

N

/3-Naphthaldehyde (carbonyl-i*C) reaction with phenylhydra-

zine, 305, 379.
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/3-Naphthaldehyde (carbonyl-i*C) reaction with semicarbazide,

305, 379.

l-(l-Naphthyl) -3-diazo-2-propanone (carbonyl-i*C) Wol£E re-

arrangement, 430.

l-(l-Naphthyl) -3-diazo-2-propanone (diazo-carbon-i*C) Wolff

rearrangement, 430.

1- (1-Naphthyl) -3-diazo-2-propanone (methylene-i*C) WolS re-

arrangement, 430.

1- (1-Naphthyl) -3-diazo-2-propanone (central- and terminal-

"N) Wolff rearrangement, 430.

a-Naphthylmalonic acid (1-^*C) decarboxylation, 90.

Neutralization reactions, 72, 116.

Nickel carbonate (i*0) decomposition with bromine penta-

fluoride, 485.

Nickel carbonate (i^Q) thermal decomposition, 485.

Nickel carbonyl ("C) pyrolysis, 75, 128, 373.

Nickel carbonyl (i*0) pyrolysis, 75.

Nitrate (i^N), ammonium salt, thermal decomposition in

presence of water, 57.

Nitrate (i*0), ammonium salt, thermal decomposition in

presence of water, 57.

Nitric acid (i^N) reduction with mercury to nitric oxide, 418.

Nitric oxide (i^N) mercury-photosensitized reaction with hy-

drogen, 288.

Nitric oxide (^'0) mercury-photosensitized reaction with hy-

drogen, 288.

Nitric oxide (i^N) reaction with photosensitized mercury

atoms, 289.

m-Nitroacetophenone (carbonyl-i*C) reaction with 2,4-dinitro-

phenylhydrazine, 137.

m-Nitrobenzoic acid (carboxyl-i*C) decarboxylation with

cupric oxide in quinoline, 482.

p-Nitrobenzoic acid (carbonyl-i«0)
, i/-a7is-a,7-dimethylallyl

ester, solvolysis in aqueous acetone, 402.

p-Nitrobenzoic acid (hydroxyl-i^O)
, JraRS-a,7-dimethylallyl

ester, solvolysis in aqueous acetone, 402.

m-Nitrobenzoic acid (carboxyl-i^O
,
ethyl ester, base hydrol-

ysis in aqueous alcohol, 97, 137.

p-Nitrobenzoic acid (hydroxyl-isQ)
, cw-5-methyl-2-cyclohexenyl

ester, solvolysis in aqueous acetone, 402, 431.

p-Nitrobenzyl chloride (s^Cl) SnI reaction with water, 361,

430.

p-Nitrobenzyl chloride (3"C1) Sn2 reaction with cyanide ion,

361, 430.

p-Nitrobenzyl chloride (s^Cl) Sn2 reaction with thiosulfate

ion, 361, 430.

p-Nitrobenzylsulfonium tosylate (sulfonium-^iS) a-elimination

reaction with hydroxide ion, 345.

Nitrogen kinetic isotope effects, 57, 77, 78, lOO, 201, 206,

234, 278, 286, 287, 288, 289, 317, 394, 413, 418, 425, 430,

435, 440, 469, 474, 512.

Nitrogen (i^N) oxidation with oxygen and electric spark, 201.

p-Nitrophenylacetic acid (carboxyl-i*C) decarboxylation with

cupric oxide in quinoline, 482.

2-
( p-Nitrophenyl ) ethyltrimethylammonium iodide ( amino-^^N

)

Hofmann elimination, 435.

p - Nitrophenylglycine -N - carboxyanhydride (N-carbonyl-^^C)

acid-initiated polymerization, 228.

p-Nitrophenylglycine-N-carboxyanhydride (ether-'^^O) acid-

initiated polymerization, 227.

i3-Nitrostyrene (a-i*C) Diels—Alder reaction with 2,3-dimethyl-

butadiene, 116.

Nitrous oxide (central- and terminal-i^N) mercury-photosensi-

tized reaction with hydrogen, 288.

Nitrous oxide (^*0) mercury-photosensitized reaction with hy-

drogen, 288.

Nitrous oxide (central-^=N) reaction with photosensitized mer-

cury atoms, 287.

Nitrous oxide (terminal-i^N) reaction with photosensitized

mercury atoms, 287.

Nitrous oxide (i*0) reaction with photosensitized mercury

atoms, 287.

Nonbonded-interaction effects, 276, 321, 322.

enc?o-5-Norborene-2-boronic acid (^"B) electrophilic substitu-

tion reaction with mercuric chloride, 410, 442.

e:i:o-5-Norborene-2-boronic acid (^^B) electrophilic substitution

reaction with mercuric chloride, 410, 442.

Nuclear-spin effects (See Magnetic and nuclear-spin effects).

Nucleophilic substitution reactions (See, also, Alcoholysis re-

actions and Hydrolysis reactions), 181, 191, 192, 207, 211,

219, 225, 294, 297, 306, 332, 333, 334, 344, 346, 361, 382,

408, 430, 440, 449, 469, 475, 504, 505, 506, 513.

O

Oxalate (i^C), lead salt, pyrolysis, 218.

Oxalate (i^O), lead salt, pyrolysis, 218.

Oxalate (^^C), magnesium salt, pyrolysis, 490.

Oxalate (^^C), manganous salt, pyrolysis, 461.

Oxalate C^^C) , zinc salt, pyrolysis, 462.

Oxalic acid (^^C) decarboxylation, 520.

Oxalic acid (^^C) decomposition with sulfuric acid, 47, 89.

Oxalic acid (I'^C) decomposition with sulfuric acid, 89.

Oxalic acid (^^C) oxidation with bromine, 81.

Oxalic acid (^^C) oxidation with Fenton's reagent, 81.

Oxalic acid (^^C) oxidation with potassium permanganate, 81.

Oxalic acid (^^C) oxidation with potassium permemganate and

manganous ion, 81.

Oxalic acid (^^C) photolysis, 271.

Oxalic acid (^^C) wet combustion, 274.

Oxaloacetate (1-^^C), gadolinium salt, decarboxylation, 460.

Oxaloacetate (l-^^C), dysprosium salt, decarboxylation, 155,

m.
Oxaloacetate (l-^^C)^ yttrium salt, decarboxylation, 155, 460.

Oxaloacetic acid (l-i^C) enzymatic decarboxylation, 264.

Oxaloacetic acid (l-^^C) metal-ion-catalyzed decarboxylation,

155, 264, 460.

Oxaloacetic acid (l-^^C) noncatalyzed decarboxylation, 155,

460.

Oxidation reactions* (See, also, specific reactions), 53, 64,

81, 82, 85, 110, 123, 125, 151, 183, 201, 203, 210, 229,

230, 234, 274, 275, 295, 339, 366, 412, 436, 437, 470, 492.

Oxide film formation, 130, 146, 197.

Oxygen (^^Oa) autoxidation of azoiis-a-phenylethane, 396.

Oxygen (mono-^^O) autoxidation of styrene—iodine, 396.

Oxygen (^^Oa) autoxidation of styrene—iodine, 396.

Oxygen (i^O) cytochrome-oxidase-catalyzed reduction by

succinate, 252.

Oxygen (i*0) photoaddition to rubrene, 396.

Oxygen (i*0) reduction with carbon, 434.

Oxygen (^^O) reduction with copper, 130, 146, 197.

Oxygen (^*0) reduction with hydrogen on platinum, 337, 481.

* Oxidation of labeled species.
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Oxygen (i*0) reduction with steel, 130.

Oxygen (^*0) tyrosinase-catalyzed reduction by catechol, 252.

Oxygen (i*0) tyrosinase-catalyzed reduction by p-cresol, 252.

Oxygen-17 kinetic isotope effects, 295.

Oxygen-18 kinetic isotope effects, 22, 32, 57, 58, 72, 75, 78,

80, 82, 83, 84, 92, 130, 146, 147, 169, 170, 187, 188, 194,

197, 206, 207, 218, 227, 252, 287, 288, 295, 320, 327, 337,

339, 386, 387, 396, 402, 403, 404, 431, 432, 434, 463, 473,

481, 485, 505.

Ozone (1*0) thermal decomposition, 387.

Ozonization reactions. 111.

P

Patents, 55.

Phenanthraquinone (9-i*C) alkaline rearrangement, 161.

2-Phenyl-l-acenaphthenol (l-i*C) oxidation with potassium

permanganate, 110.

2-Phenyl-l-acenaphthenone (l-i*C) oxidation with potassium

permanganate, 110.

Phenylacetic acid (carboxyl-i*C) decarboxylation with cupric

oxide in quinoline, 482.

Phenylacetoxime (carbonyl-i*C) Beckmann rearrangement,

352.

Phenylacetoxime (methylene-i*C) Beckmann rearrangement,

352.

Phenylalanine-N-carboxyanhydride (N-carbonyl-i^C) acid-ini-

tiated polymerization, 228.

Phenylalanine-N-carboxyanhydride (ether-i^O) acid-initiated

polymerization, 227.

3-Phenyl-2-butanol {l-i-*C) iodoform reaction, 224.

cis-2-PhenylcyclohexyItrimethylammonium iodide (^^N) Hof-

mann elimination, 317.

trarai-2-Phenylcyclohexyltrimethylammonium iodide (^^N) Hof-

mann elimination, 317.

o-Phenylenediacetic acid (carboxyl-i*C)
,
diethyl ester, Dieck-

mann condensation, 150, 430.

o-Phenylenediacetic acid (methylene-i*C)
,
diethyl ester, Dieck-

mann condensation, 150, 430.

2-Phenylethylammonium bromide (i^N) Hofmann elimination,

425.

a-Phenylethylazomethane (N-methyl-i^C) thermal decomposi-

tion, 484.

a-Phenylethylazomethane (benzylic- and methyl-i^N) thermal

decomposition, 512.

a-Phenylethylazo-2-propane (benzylic- and 2-propyl-i5N) ther-

mal decomposition, 512.

2-Phenylethyldimethylsulfonium bromide (^*S) E2 reaction

with hydroxide ion, 211.

2-PhenylethyltrimethyIammonium bromide (^^N) E2 reaction

with ethoxide ion, 394.

Phenylglycine-N-carboxyanhydride (ether-^^O) acid-initiated

polymerization, 227.

Phenylmalonic acid (1-^*0 decarboxylation, 90.

Phenyloxaloacetic acid (oxal-carboxyl-i*C)
,

dimethyl ester,

decarbonylation, 244.

Phenylurea (carbonyl-^^C) thermal decomposition in propi-

onic acid, 205.

Phosphorus kinetic isotope effects, 259.

Phosphorylation reactions, 270.

Photochemical quenching cross sections, kinetic isotope effects

on, 287.

Photochemical reactions (See, also, Photolysis reactions), 210,

287, 288, 289, 339, 396.

Photolysis reactions, 92, 271.

Phthalamide (i^N) deamination, 77, 100.

Phthalic acid (l-^^C) decarboxylation, 55.

Phthalic acid (l-i*C) decarboxylation, 55.

Phthaloyl chloride (carbonyl-^^C) polyamidation with piper-

azine, 363.

Phthaloyl chloride (carbonyl-i*C) polyesterification with 4,4'-

isopropylidenediphenol, 363.

Picolinic acid (carboxyl-i*C) decarboxylation, 353, 354.

Pinacol (carbinol-i*C) rearrangement to pinacolone, 198, 235.

Pinacol (methyl-i*C) rearrangement to pinacolone, 198, 235.

Pinacol-pinacolone rearrangement, 198, 235.

Pivalophenone (carbonyl-i*C) reaction with 2,4-dinitrophenyl-

hydrazine, 411, 443.

Pivalophenone (f-carbon-i*C) reaction with 2,4-dinitrophenyl-

hydrazine, 411.

Polymerization reactions, 132, 227, 228, 282, 311, 336, 363,

393, 476.

Potassium fluoborate (i°B) thermal decomposition, 174, 185.

Potential-energy surfaces, 245, 269, 290, 323, 329, 342, 367,

368, 378, 385, 419, 423, 427, 429, 438, 457, 496, 507, 515.

Precipitation reactions, 1, 4, 5, 11, 12, 32, 141, 147, 157,

168, 194, 202, 392.

Pressure effects (See, also, Unimolecular gas-phase reactions),

216, 263, 284, 285, 291.

Propane (l-isC) pyrolysis, 37, 40, 43.

Propane (l-i*C) pyrolysis, 175.

Propionic acid (l-i*C), ethyl ester, acid hydrolysis in aqueous

alcohol, 232.

Propionic acid (l-i*C) ^ ethyl ester, base hydrolysis in aqueous

alcohol, 232.

Propionic acid (2-i*C), ethyl ester, base hydrolysis in aqueous

alcohol, 232.

Propiophenone (carbonyl-i*C) reaction with 2,4-dinitrophenyl-

hydrazine, 411, 443.

Propiophenone-)3-<f2 (carbonyl-i*C) reaction with 2,4-dinitro-

phenylhydrazine, 411.

Propylene (l-^^C) anionic polymerization, 336.

Pyrolysis reactions (See Thermal decomposition reactions).

a-Pyrone—maleic anhydride adduct (pyrone-carbonyl-'-^C)

decarboxylation, 403, 473.

a-Pyrone—maleic anhydride adduct (pyrone-carbonyl- and

ether-180) decarboxylation, 403, 473.

Q

Quinaldic acid [carboxyl(ate)-i3C] decarboxylation, 463.

Quinaldic acid [carboxyl(ate) -i*0] decarboxylation, 463.

R

Radiation effects compared to isotope effects, 331.

Radical chain reactions, 40, 43, 74, 153, 158, 175, 210, 263,

282, 311, 339, 393, 396.

Radium kinetic isotope effects, 1.

Rearrangement reactions (See, also, Isomerization reactions

and other specific reactions), 60, 161, 198, 235, 352, 430.

Reduction reactions* (See, also. Electron-transfer reactions

* Reduction of labeled species.
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and other specific reactions), 82, 112, 116, 130, 146, 197,

200, 231, 252, 286, 295, 337, 370, 396, 418, 426, 434, 481.

Relative i^C—isC isotope effects, 46, 63, 78, 89, 90, 99, 101,

104, 105, 109, 114, 117, 120, 124, 125, 145, 154, 155, 165,

175, 223, 332, 357, 416, 492.

Relative isotope effects (See, also. Relative ">C—^'C isotope

effects and Relative isQ—iW isotope effects), 240, 356, 521.

Relative "O—itO isotope effects, 295.

Reviews, 2, 8, 26, 31, 35, 36, 56, 59, 61, 65, 69, 71, 76,

78, 83, 87, 88, 91, 96, 119, 120, 129, 133, 152, 156, 160,

171, 179, 182, 184, 186, 187, 189, 195, 204, 208, 213, 217,

223, 226, 243, 253, 261, 281, 293, 296, 304, 307, 309, 319,

324, 340, 341, 350, 351, 360, 362, 384, 405, 422, 428, 439,

445, 448, 450, 453, 454, 464, 466, 477, 480, 493, 495, 496,

498, 500, 503, 509, 511, 515, 524, 527.

S

Saponification reactions (See Hydrolysis reactions).

Sarcosine-N-carboxyanhydride (N-carbonyl-i^C) acid-initiated

polymerization, 228.

Sarcosine-N-Carboxyanhydride (ether-isQ) acid-initiated poly-

merization, 227.

Schmidt reaction, 136.

Secondary isotope effects, 143, 153, 154, 158, 178, 188, 199,

232, 237, 238, 239, 255, 257, 265, 268, 270, 276, 279, 281, 286,

298, 300, 301, 312, 314, 321, 322, 325, 326, 366, 392, 398,

402, 405, 406, 407, 411, 424, 433, 443, 459, 463, 487, 501,

503.

Selenite (s^Se versus ^^Se), sodium salt, reduction with hy-

droxylamine hydrochloride, 370.

Selenium kinetic isotope effects, 370.

Separation of isotopes, 10, 13, 16, 55, 75, 193, 220, 233.

Silver cyanide ("O precipitation, 157, 202.

Silver oxide (i*0) precipitation, 147.

Simultaneous labeling technique (See Double labeling tech-

nique) .

Sodium acetate (2-i*C) decarboxylation, 315.

Sodium bicarbonate (i*C) enzymatic dehydration, 299.

Sodium bicarbonate (i^C) noncatalyzed dehydration, 299.

Sodium bisulfite (^^S) addition reaction with anisaldehyde,

139.

Sodium bisulfite (^*S) addition reaction with benzaldehyde,

139.

Sodium bisulfite (3*S) addition reaction with heptanal, 139.

Sodium bisulfite (3*S) addition reaction with 2-heptanone,

139.

Sodium fluoborate (^oR) thermal decomposition, 185.

Sodium p-methoxybenzenesulfonate (^^S) bromodesulfonation,

424.

Sodium selenite (^^Se versus "«Se) reduction with hydroxyl-

amine hydrochloride, 370.

Sodium sulfate (3*S) reduction to sulfide, 200.

Sodium thiosulfate (sulfite-3*S) acid decomposition, 465.

Sodium thiosulfate (thio-^^S) acid decomposition, 465.

Sodium trichloracetate (l-i^C) decarboxylation, 62.

Sodium trinitrobenzoate (carboxyl-i^C) decarboxylation, 260.

Solvent effects on kinetic isotope effects, 82, 121, 122, 137,

139, 143, 150, 157, 172, 176, 188, 202, 260, 273, 314, 353,

354, 425, 430, 441, 449.

Solvent kinetic isotope effects, 207, 325, 326, 386, 404.

Solvolysis reactions (See, also, Alcoholysis reactions and Hy-

drolysis reactions) , 453.

Stilbene (a-i*C) catalytic hydrogenation, 112.

Stilbene (a-i*C) ozonization. 111.

Strontium carbonate (i^O) acid decomposition, 58, 485.

Strontium carbonate (^^0) decomposition with bromine penta-

fluoride, 485.

Styrene (a-i^C) addition reaction with bromine, 116.

Styrene (^-^^C) addition reaction with bromine, 116.

Styrene (a-^^C) anionic polymerization, 282.

Styrene (/3-i^C) anionic polymerization, 282, 336.

Styrene (^-i*C) free-radical copolymerization with maleic

anhydride, 282.

Styrene (a-^^C) free-radical polymerization, 282.

Styrene (/3-i^C) free-radical polymerization, 282, 311.

Successive labeling technique,* 57, 98, 109, 116, 150, 153,

158, 188, 198, 206, 218, 227, 232, 235, 237, 266, 267, 274,

278, 282, 287, 288, 294, 301, 305, 318, 333, 339, 352, 364,

366, 379, 391, 394, 403, 411, 415, 430, 432, 435, 436, 452,

463, 465, 473, 484, 487, 504, 505, 506, 512.

Sulfate (^^S), barium salt, reduction with tin (II), 231.

Sulfate (3^S), sodium salt, reduction to sulfide, 200.

Sulfide (^'S), cadmium salt, oxidation with bromine, 229.

Sulfide (5*S), iron di-salt (pyrite), reactions to synthesize

iron(III) sulfide (melnikovite) , 451.

Sulfide (^'S), iron (III) salt (melnikovite), pyrolysis, 451.

Sulfide (^^S), zinc salt, oxidation with bromine, 229, 230.

Sulfur-34 kinetic isotope effects, 61, 139, 200, 211, 318, 340,

344, 345, 346, 413, 424, 449, 451, 465, 470.

Sulfur-35 kinetic isotope effects, 229, 230, 231.

Sulfur dioxide (^*S) oxidation with nitrogen oxides and

oxygen in sulfuric acid, 470.

Symmetry-disturbance effects, 248, 249, 250.

Symmetry numbers, 375, 467, 483, 523.

T

Temperature dependences of isotope effects, 32, 36, 43, 63,

67, 70, 78, 82, 89, 90, 92, 93, 115, 116, 121, 122, 128,

137, 143, 146, 153, 164, 172, 175, 176, 188, 197, 198, 200,

203, 218, 229, 230, 232, 242, 260, 263, 273, 275, 292, 314,

332, 333, 334, 337, 353, 354, 357, 361, 364, 371, 373, 394,

396, 398, 412, 416, 420, 459, 461, 462, 463, 465, 469, 485,

487, 490, 491, 505, 506, 516, 520, 522, 525, 526.

Theory (See, also. Experimental methods, theory of treatment

of data), 3, 6, 8, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24,

25, 26, 28, 29, 30, 31a, 33, 34, 36, 37, 39, 42, 43, 44, 45,

48, 49, 58, 59, 61, 63, 65, 66, 73, 77, 78, 88, 106, 108, 109,

118, 129, 135, 148, 149, 154, 156, 159, 160, 162, 164, 171,

178, 182, 190, 195, 199, 203, 212, 213, 215, 216, 221, 222,

223, 238, 239, 240, 241, 245, 246, 247, 248, 249, 250, 255,

257, 265, 268, 269, 272, 276, 277, 279, 280, 281, 284, 290,

291, 296, 300, 307, 308, 309, 310, 312, 313, 319, 321, 322,

323, 325, 326, 329, 330, 335, 338, 342, 347, 348, 350, 355,

356, 358, 359, 367, 368, 369, 372, 374, 375, 377, 378, 380,

383, 385, 386, 388, 389, 390, 395, 398, 399, 400, 401, 405,

406, 407, 413, 414, 416, 417, 419, 421, 423, 427, 429, 430,

433, 438, 439, 444, 445, 446, 447, 454, 455, 456, 457, 458,

459, 467, 471, 473, 475, 477, 478, 479, 480, 483, 487, 488,

489, 493, 494, 496, 497, 499, 500, 501, 502, 503, 504, 505,

506, 507, 508, 510, 512, 513, 514, 515, 516, 517, 518, 519,

520, 521. 522, 523, 524, 525, 526, 527.

* Effects of isotopic substitution at several atomic positions measured for

purposes of reaction-mechanism elucidation.
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Thermal decomposition reactions (See, also, Deamination reac-

tions, Decarbonylation reactions. Decarboxylation reactions.

Elimination reactions, and other specific reactions), 22, 37,

40, 43, 54, 57, 74, 75, 95, 107, 116, 128, 153, 158, 174,

175, 185, 205, 218, 233, 248, 249, 250, 263, 292, 318, 387,

391, 432, 451, 461, 462, 484, 485, 490, 512.

Thiosulfate (sulfite-^^S) , sodium salt, acid decomposition, 465.

Thiosulfate (thio-^^S), sodium salt, acid decomposition, 465.

p-Toluenediazonium ion (a-i^'N), fluoborate salt, hydrolysis,

440, 469.

Tracer studies, kinetic isotope effects on, 31, 42, 51, 53, 95,

116, 181, 184, 209, 234, 251, 258, 259, 274, 279, 311, 316,

336, 393, 524.

Treatment of data (See Experimental methods, theory of treat-

ment of data)

.

Trichloracetate (l-i^C), sodium salt, decarboxylation, 62.

Trimethyl-J-butylammonium hydroxide (t-carbon-i*C) Hofmann
elimination, 415, 452.

Trimethylethylammonium hydroxide (methylene-i*C) Hof-

mann elimination, 415, 452.

Trimethylethylammonium iodide (methylene-i^C) Hofmann
elimination, 415, 452.

Trimethyl-2-(p-nitrophenyl)ethylammonium iodide (N-methy-
lene-i*C) Hofmann elimination, 415, 452.

Trimethyl-7i-propylammonium hydroxide (N-methylene-i^C)

Hofmann elimination, 415, 452.

Trimethyl-n-propylammonium hydroxide (2-i*C) Hofmann
elimination, 415, 452.

Trinitrobenzoate (carboxyl-i''C) , sodium salt, decarboxylation,

260.

Triphenylacetic acid (2-i*C) decarbonylation with sulfuric

acid, 237, 301.

Tschugaeff reaction, 318.

Tunneling effects, 14, 15, 18, 23, 245, 290, 323, 329, 356,

367, 378, 438, 447, 496, 521.

U

Unimolecular gas-phase reactions, 118, 216, 223, 263, 338,

374, 377, 398, 399, 400, 401, 414, 444, 445, 478, 479, 517.

Urea (i^C) acid hydrolysis, 117, 220, 242.

Urea i'^^C) acid hydrolysis, 117.

Urea (i^C) enzymatic hydrolysis, 99, 117, 371, 441.

Urea ("C) enzymatic hydrolysis, 38, 99, 117, 180.

Urea (i*C) oxidation with oxygen and cupric oxide, 53.

Urea (^^C) thermal decomposition in propionic acid, 205.

Urea (i*C) wet combustion, 53.

Urea nitrate (i*C) oxidation with oxygen and cupric oxide,

53.

Urea nitrate (i*C) wet combustion, 53.

V

Van Slyke—Folch combustion, 53, 64, 85, 151, 274, 492.

W

Water (^^Q) aquation of bromopentaamminecobaltic ion in

presence of metal ions, 207.

Water (^^O) aquation of chloropentaamminecobaltic ion in

presence of metal ions, 207.

Water (i^O) aquation of iodopentaamminecobaltic ion in

presence of metal ions, 207.

Water (^^0) base hydrolysis of bromopentaamminecobaltic

ion, 404.

Water (^^0) base hydrolysis of chloropentaamminecobaltic

ion, 404.

Water (i^O) base hydrolysis of fluoropentaamminecobaltic

ion, 404.

Water (^^0) base hydrolysis of nitratopentaamminecobaltic

ion, 404.

Water (^*0) base hydrolysis of sulfatopentaamminecobaltic

ion, 404.

Water (isQ) crystallization, 32.

Wolff rearrangement, 430.

X

Xanthogenic acid (thio-carbonyl-i^C)
,

S-methyl-0-tra7is-2-

methyl-l-indanyl ester, pyrolysis, 318.

Xanthogenic acid (thiol-^^S), S-methyl-0-frff7is-2-methyl-l-

indanyl ester, pyrolysis, 318.

Xanthogenic acid (thion-^^S), S-methyl-0-tra7is-2-methyl-l-

indanyl ester, pyrolysis, 318.

Xanthogenic acid, 0-ethyl ester,—carbon disulfide exchange

system, i^C kinetic isotope effects in, 381.

Xanthogenic acid, 0-methyl ester,—carbon disulfide exchange

system, kinetic isotope effects in, 381.

Xanthydrol ureide (urea-i*C) oxidation with oxygen and

cupric oxide, 53.

Xanthydrol ureide (urea-i*C) wet combustion, 53.

Y

Yttrium oxaloacetate (l-^^C) decarboxylation, 155, 460.

Z

Zinc carbonate (i^O) acid decomposition, 485.

Zinc carbonate (^^0) decomposition with bromine penta-

fluoride, 485.

Zinc carbonate (i^O) thermal decomposition, 485.

Zinc oxalate (i^C) pyrolysis, 462.

Zinc sulfide (^^S) oxidation with bromine, 229 230.
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